








































































































































































































































































































































































































































































































































































































































































































































































































































HMR 57 CHAPTER 6. STORM SEPARATION METHOD 

6.1 Introduction 

The storm separation method (SSM) is an outgrowth of practices that were 
initiated in the late 1950's for PMP studies in orographic regions. HMR 36 (USWB, 
1961) is one ofthe earliest reports to discuss PMP development in terms of orographic 
and convergence precipitation components. Convergence precipitation in this context 
is the product of atmospheric mechanisms acting independently from terrain 
influences. Conversely, orographic precipitation is defined as the precipitation that 
results directly from terrain influences. It is recognized that the atmosphere is not 
totally free from terrain feedback (the absolute level and variability of precipitation 
depths in some storms can only be accounted for by the variability of the terrain); but 
cases can be found where the terrain feedback is either too small or insufficiently 
varied to explain the storm precipitation patterns and in these cases, the precipitation 
is classified as pure convergence or non-orographic precipitation. 

PMP studies, such as HMR 36, 43, and 49, were based on determination of 
convergence and orographic components through procedures that varied with each 
report. With the development of HMR 55A (Hansen et al., 1988), a technique was 
utilized that had some similarities to previous studies, but was based on determination 
of convergence amounts from observed storms. Convergence precipitation in that 
report was referred to as free-atmospheric forced precipitation (F AFP). The technique 
used in HMR 55A is complex and involves the analyst tracking through a set of 
modules in which knowledge of observed conditions and experience are used to arrive 
at estimates ofthe FAFP. The estimates are in turn weighted, based on the analyst's 
judgment of the amount and quality of overall information, to obtain a result. This 
process has been referred to as the storm separation method (SSM) and is described at 
considerable length in HMR 55A. 

Since the development of the SSM in HMR 55A, the procedure has been applied 
in a number of subsequent studies (Fenn, 1985; Miller et al., 1984; Kennedy, 1988; and 
Tomlinson and Thompson, 1992). Through these various developments, the SSM has 
undergone minor refinements. The entire development discussed in HMR 55A will not 
be repeated here, but readers interested in these details will find a reprint of the 
pertinent chapter (Chapter 7) from HMR 55A in Appendix 3 of this report. Similar 
information is contained in the 1986 edition of the WMO Manual for Estimation of 
Probable Maximum Precipitation (WMO, 1986). 

The process of estimating F AFP from a storm for a given area size and duration is 
achieved by using the hydrometeorological information available for the storm to 
answer certain questions. These questions are contained within several modules which 
constitute the body ofthe SSM. 
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The hydrometeorological information about a storm may be missing over large 
areas with respect to the storm's full precipitation pattern; or the information when 
available may be unevenly distributed; or it may be biased or contradictory. In view 
of such informational dilemmas, a decision about the level ofF AFP for a storm may 
have to accommodate a fair amount of uncertainty. The questions asked in the SSM 
modules are formulated in such a way that analysts with different levels of experience 
could estimate different amounts of FAFP. Under such circumstances a consensus 
among analysts often leads to the best F AFP estimate for a storm, but the consensus 
process is not a necessary part of the SSM. 

Because of the extensive information provided by the storm analysis program and 
the number of storms studied, the SSM technique was considered most appropriate for 
the present study. The technique was applied directly according to the original 
guidance, subject to the modifications described in the following section. 

6.2 Changes to the Previously Published SSM 

The remainder of this Chapter covers modifications to the modular development 
presented in Appendix 3. This discussion covers specific changes in detail that may be 
beyond the casual reader's interest. 

Several details concerning questions and procedures used in the SSM were changed 
in this report from their formulation in HMR 55A. For example, in Module 0, which 
provides guidance to the analyst regarding decisions on the adequacy of available data, 
the adjective "reliable" was replaced by "unbiased" in questions 5 and 6 (see 
Appendix 3). This was done to clarify the fact that isohyetal analyses derived from the 
isopercental technique, even though reliable, are created based on an assumption 
which Module 2 attempts to prove. The need to avoid such a fallacy is made more clear 
by use of the adjective "unbiased" and, consequently Module 2 was not used to analyze 
any of the storms in this study. 

Maximization of the index values was accomplished on the storm separation 
worksheet (Module 5, see Figure 6.1). This figure is an updated version of Figure 7.8 
from HMR 55A (Appendix 3). Some new terms introduced in Figure 6.1 of this report 
are explained as follows: 

IMAX 1ooo 
n 

IPMF(SC) 

= the index value of non-orographic precipitation for the storm 

center, adjusted to 1000mb and moisture maximized as obtained 
from the module (n) indicated by the subscripts 1, 2, 3, 4, and 5, 

= In-place maximization factor applicable at the storm center, 
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V.ADJC(SC) 

IPMF(NO) 

BE(SC) 
BE(NO) 

V.ADJ(NO) 

DP/SST(X) 
DP/SST(O) 

H.ADJ 

= A factor used to adjust values (to sea level) of precipitation 
obtained at elevations above sea level, 

= In-place maximization factor at the location ofRNOVAL1
, 

= Barrier elevation at the storm center (SC) 
and at the location ofRNOVAL (NO), 

= A vertical adjustment factor used to adjust the value ofRNOV AL 
to sea level, 

= The upper limit (X) and observed storm day (0) values 
representing storm moisture content, 

= Horizontal adjustment factor, 

= The value of RNOV AL, not yet reduced to sea level, and 

= The calculated value of non-orographic precipitation at the storm 

center, not yet reduced to sea level. 

Module 1 considers the observed precipitation data, where the value ofRNOVAL (the 
highest non-orographic rainfall representative of the storm center) was adjusted to a 
common barrier elevation (sea level). This avoided the bias toward large values for 
PCT 1 (percent of storm rainfall that is non-orographic) mentioned 
in paragraph 7 .4.1.2 of HMR 55A. If there was a gradient in the field of maximum 
12-hour persisting dew points (see section 4.2) between the location ofthe storm center 
and the locations ofRNOVAL, a horizontal adjustment factor, H.ADJ, was applied to 
RNOV AL. It has been assumed that RNOV AL is an appropriate depth of non
orographic precipitation for the area category selected in Module 0. This observation 
(RNOV AL) is acceptable for an area of 10 mi2

, but this assumption becomes less 
reliable for larger area sizes. This assumption is compatible with assumption 3 stated 
in Section 7.3.1.2 ofHMR 55A. 

1See GLOSSARY, Table 6.1, for definition of terms extracted from HMR 55A 
Chapter 7 (enclosed as Appendix 3). 
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STORM 10/DATEJNAME AT OR FOR STORM CE.N"ICR: 
LAT BE(SC) 

LON KFCTR 

MODULE PARAMETER VALUE EVALUATION SCALE: 
CATEGORY Ml2. HR COL. D.0-9 COL. E. 1-9. FOR MODULES 1-3: 
I'D OF MOST COL. F. IS SUM OF CO!.S. 0 II: E. 
INTI!NSE I'RCI' (MIPP) Z- z MEANINGS: COL. D.: ADEQUACY OF THE INPUT 

0. RCAT INFORMATION FOR REQUIREMENTS SET BY MODULE'S 
BFAC TECHNIQUE. 
MXVATS COL. E.:PREFERENCE LEVEL FOR ASSUMPTIONS MADE BY 
PA MODULE'S TECHNIQUE. 
PC 
IPMF(SC) 
V.ADJ(SC) FOR MODULE 4 SEE SELECTION RULES 
V .ADJ-TEMP(F) OVERALL RULE: SELECT INDEX VALUE WITil LARGEST 

COLUMN F SCORE. 
LARGEST SUBSCRIPT BREAKS 11ES. 

AT/FOR LOCATION OF RNOVAL D. E. F. 
I. If- (RNOVAL) LAT/LON/NAME: 

LAT(DP~S1) 

JMAX-!000 - LON(DPISS1) 
I 

f.L 
J 

•H.ADJ• 

V .ADJ (NO) •IPMF (NO) 

PCTI • PC+ BE(NO) DP/SST(X) 
IPMF(NO) 01'/SST(O) 

1MAX~000 /RCAT• H.ADJ V.ADJ (NO) 

V .ADJ(SC)"IPMF(SC) 

AI n PCJ'2 • PC + (l: (F + B)/2n)(.95 -PC) = 
2 LOFAC l:(F+B) 

A DADRF f.L ~ (RCA1)(PCJ'2)+(LOFAC)" 
PB 2 

LOFAC (DADRF)(l·Pc:r2) = 
HIFX 
DADFX IMAX~ooo PA"J = f.L 

2 •V-ADJ(SC)"IPMF(SC) • 

PX 

PCJ'22 c IMAX~OOO /RCA T"V ·ADJ(SC)"IPMF(SC) = 

UP.LIM OBSVD REP . GRADIENT LVL. INFLOW 
3. dd/ff dd rr dd ff 

A B c I z I I z I 

ADJSTMT.Fcrn N/A N/A I z I I z I 

REP.DIR(COMP) 
I z ADJUSTMENT FACTORS 

REP .SPD(COMP) 
I z ' When wtnd observation lS once a 

lPMF(SC)' day at 12Z 
! z M!PP #ORS FACTOR 

STABILITY CI...ASS. 09-l5Z to 09·15Z (2) 0.90 
I z 16-21Z to 16-21Z (2) 1.05 

22.()2Z to 22-02Z (1) 1.15 
OTHER I z 02·08Z to 02-0SZ (2) 1 20 

I z Mulllplv observed •peed by FACTOR to 
Ao- get REP.SPD 

SFC CHARTS PCT3•PC+jP a/(P a+A0 )j(l·PC)= 
UIA CHARTS 

1~000 =RCAT'PCTI'V-ADJ(SC)= RAWINSONDE 
RADAR 1~000 =1~000 =•IPMF(SC) = SATELLITE 
OTHER 

PA= 

4 
rMAX~ooo. (lMAX;ooo + ~~ooo)!2 = 

1w.x;
000 

= (!MAX~000 + 1w.x;000
)n = 

SELECTED IMAX 1 vvv = 

Figure 6.1 ·· Storm separation method worksheet; Module 5. 
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Table 6.1.-- Glossary of terms modified in storm separation method. 

&: Term for effectiveness of orographic forcing used in Module 3, (see 
also Pa). Varies between 0 and 95 percent. 

MXVATS: Average depth of precipitation for the total storm duration for the 
smallest analyzed area less than 100 mi2 (from pertinent data sheet 
for storm). 

t: That part of RCAT attributed solely to atmospheric processes and 
has the dimensions of depth. Subscript 1 associates application to 
Module 1. 

Pa: Term for effectiveness of actual atmospheric mechanisms in 
producing precipitation as compared to conceptual "perfect" 
effectiveness. Varies between 5 and 95 percent. 

PC: Used in calculations of modules to take into account the 
contribution of non-orographic precipitation to total FAFP (that 
includes contribution from orographic areas). Varies between 0 and 
95 percent. 

PCT3: The percentage of non-orographic precipitation in a storm from the 
third module based on comparison of storm features with those from 
major non-orographic storms. 

RCAT: The average precipitation depth for storm area size and duration 
being considered. 

RNOVAL: Representative non-orographic precipitation value that is the 
highest observed amount in the non-orographic part of the storm. 

"JL: A vertical displacement parameter, the product of the wind 
component perpendicular to the slope (for duration considered) and 
the slope in feet/miles. 

The flowchart used for Module 1 is shown in Figure 6.2, and modified only slightly 
from that used in HMR 55A to reflect adjustments to sea level. Since hourly values of 
precipitation were available from automated analysis procedures, PCT1 did not have 
to be calculated from the variables RNOV ALand MXVATS. Consequently, the value 
of PCT1 for the total storm duration could be assumed to be the same as the index 
duration (24-hours). The index depth of non-orographic precipitation from Module 1, 
was therefore obtained directly from the depth for the index duration at the site 
selected for RNOV AL. However, since PCT1 is necessary in Module 4, it was derived 
from the relationship 

IMAX 1ooo 
PCT1 =PC+ --------1

-------
(RCAT * V.ADJ(SC)*IPMF(SC))(0.95-PC)) 
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The ratio, IPMF(SC)-\ listed in Module 3 in Figure 6.1, is relatively large when 
"observed" storm moisture is close to its upper limit and vice versa. Thus, from a 
strictly moisture content point ofview, values in Column B would be relatively large 
when this parameter is relatively large and vice versa. 

In Module 3 shown in Figure 6.3, the orographic parameter, A0 , was derived using 
a somewhat revised procedure, when compared to that in Appendix 3. The vertical 
displacement parameter, W

0
, and the elevation gradient were not used. But, the upper

limit wind speed, which was a constant in HMR 55A, was allowed to vary across the 
region. The variation was based on extreme wind speed data (Simiu et al., 1979) for 
10 United States locations in the northwest and five locations nearby. The optimum 
inflow direction for orographic storms, used in setting the barrier elevations, was 
determined for each of the 15 locations. Then at each location, the series of annual 
maximum speeds and their associated directions were searched to find the largest 
annual wind speed coinciding with the optimum inflow wind direction. This speed 
became the first approximation of the upper-limit speed for the optimum inflow 
direction at the site. This first approximation wind speed was changed only if certain 
conditions were found, as given in the following rules: 

(a) If the first approximation speed was less than the mean speed for all 
directions in the total sample, the mean speed became the upper-limit speed, 
while the optimum inflow direction remained the same. 

(b) If the first approximation speed was larger than the sample mean but less 
than the 100-year speed, it was compared with the sample mean plus one 
standard deviation speed, and the larger ofthese two became the upper-limit 
speed, while the optimum inflow direction remained the same. 

(c) If the first approximation speed was greater than the 100-year speed, the 
100-year speed became the upper limit speed, while the optimum inflow 
direction remained the same. 

An analysis of 30-year return period wind speeds, prepared by Donald Boyd for the 
National Building Code of Canada (Newark, 1984), and kindly supplied to us by 
D.J. Webster, Atmospheric Environment Service, Canadian Climate Centre, provided 
a basis for extrapolating the upper-limit isotachs into Canada. 

The component of the wind speed along the direction of optimum inflow, 
representative of the 24 hours of most intense precipitation, was obtained for each 
storm being analyzed. This speed was modified by empirical adjustment factors shown 
in Module 3 of the storm separation worksheet, Figure 6.1. 
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REMARKS: 

N 

Go To M2NTRY 

I 1000 !El. 
MAX, = I * H.AOJ * v.AOJ<NO) * IPMF<NO) 

TPCT 1 = I MAX'~CJO; <RCA T * V .AOJ(SC) * I PMF<SC)) 

PCT 1 = PC + TPCT 1 ( .95 - PC) 

Figure 6.2 -- Module 1 flowchart. 
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( M3NTRY 
p CHECKLIST a 

~N I GO TO 
sl 

Cat:. Para- A B c D 

~I MODULE Data meter (j) .05- 1-3 B*C 
.95 

OBTAIN: P, &. Ao from CHECKLIST! Sur- Iso.Pt:n. 
Fronts 4y face Waves 

y Sq. Ln. 

0Ja 
y 

0 12 
Other 

'Y: Upper WA/SW 
N Air Cutoff 

\OBTAIN: PCT3l 
Block-
ing 
JetStm 
O.ther 

PCT3 Raw in- Sta-

~GTR.iPCT3 I .0 sorrie 
bility 
Shear 

EOL. I Other 

OR LESS~ Diver. 
Sa tel- Merger 
lite MCC 

vs lPCT3=o.osJ Other 
0.05 LESS I LEWP 

EQ.L.. 
Radar Merger 

OR GTR. r. Others 

Other 

Duration (%) >< I I~ooo = 3 * V.AOJ <SC) I RCAT * PCT Totals = 
p = Total D/Total C = a 

I I MAX ~000 = I]1000 
.. I PMF(SC) I 

A. Checklist 
RETURN TO MAIN 

FLOWCHART Par•lll!ter A B c D 
Phys. 0-

- - - - - - - - - - - Va 1. •.95 1-3 B"C 

REMARKS I. Adjustlll!nt na na na 
factor 

P, 2. Rep. IIi rect. na na na 
PCT3 =PC + <1.00-PC) 

P, +A 0 
3. Rep. speed na na na 

4. Upper limit na na na 
speed 

5. Ratio of 3. 
to 4. 

LEGEND 
6. Stability 

7. !PMF (SC)'' I 

PVA = Positive Vorticity Advection 8. Others 

MCC = Mesoscale Convective Complex 9. Tot a 15 na na 

LEWP = Line Echo Wave Pattern A • Total 0/Total C • 

Figure 6.3 -- Module 3 flowchart. 
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These factors were applied when, during the most intense 24 hours of precipitation, 
there were only one or two wind observations available at 1200 UTC. These empirical 
adjustment factors are in the form of ratios based on relations observed in eight recent 
storms from the storm list in Appendix 1. 

These ratios compare the 1200 UTC wind speed(s) noted above to the average wind 
speeds (when all eight 3-hourly observations are available for the 24 hours of most 
intense precipitation). This ratio was then divided by the upper-limit speed and the 
resulting quotient multiplied by 0.95 and put in column B alongside the wind 
parameter in the Ao portion ofModule 3. Because both upper-limit speed and direction 
(which incorporates moisture availability) are involved in the evaluation of the inflow 
parameter, the weight assigned to it in column C ofModule 3 should be higher than for 
the stability parameter, assuming a good sample of inflow winds for a storm is 
available. Here again, the decision to use wind speeds in this section that are at a level 
less than the theoretical maximum was made as an attempt at limiting the 
compounding of maxima. 

The formulation for PCT3, shown in HMR 55A (Appendix 3) as equal to the sum 
of the non-orographic rainfall component and a term that accounts for the effectiveness 
of the storm's atmospheric mechanism to produce precipitation was changed to: 

PCT3 
pa 

PC + --- (1.00 -PC). 
pa + Ao 

This was done because, by original definition, P a and Ao could never exceed a value of 
0.95. The formulation used previously had a bias toward lower estimates ofF AFP built 
into it in the term (0.95- PC). This bias was eliminated by replacing 0.95 by 1.00 in 
this term. 

Figure 6.4 attempts to clarify the use of stability in setting a value for Ao in 
Module 3. The evaluation of the influence of the stability set in column B ofthe module 
is related to variations from the pseudo-adiabatic lapse rate and ranges from 0 to 0.95. 
This range may be subdivided as follows (see Figure 6.4): 0.65 to 0.95 when the 
observed lapse rates are optimum for producing orographic enhancement ofFAFP, 0 
to 0.45 when the lapse rates are least conducive for producing orographic enhancement 
ofFAFP, and 0.45 to 0.65 for the remaining cases. The optimum cases are those where 
the lapse rates on average are in the range 1 oc more stable to 2°C less stable than 
pseudo-adiabatic within 100-mb layers from the surface to 300mb. The largest value 
in column B of Figure 6.3 should be associated with the less stable of these cases. 
Lapse rates least conducive for producing orographic enhancement ofF AFP (i.e., those 
of greatest instability) would be those greater than -4°C from pseudo-adiabatic. The 
cases greater than +4°C from pseudo-adiabatic, i.e., the most stable cases, would be 
given the lowest scores in column B. 
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Figure 6.4 -- Schematic diagram to show relative range of stability values compared to the 
pseudo-adiabatic lapse rate. 

390 



It is reasoned that orographic enhancement ofF AFP should increase up to some 
limit with decreasing stability. Beyond that limit (set subjectively at 2°C more 
unstable than pseudo-adiabatic) as lapse rates approach the dry adiabatic, there should 
begin decreases in moisture content sufficient to weaken the production of purely 
orographic precipitation. 

Cotton and Anthes (1989) noted that the orographic (described as orogenic 
precipitation in that report) enhancement of precipitation involves complex problems 
in the formulation of atmospheric scale interactions and phase changes. The 
procedures followed to obtain Ao in Module 3 (Figure 6.3) barely scratch the surface of 
these problems, but a more sophisticated approach awaits the results of continuing 
research by atmospheric scientists, and no change is offered here. 

It is recognized that the lack of upper-air information for most of the earlier storms 
of record may make use of the stability parameter impossible in the formulation of A

0
• 

For more recent storms, however, ifless than complete information was available, this 
condition limits the value of the weighting assigned to the stability parameter in 
column C of Module 3. 

Finally, a routine was added to each module which asked the analyst the following 
question. Once a value for F AFP had been obtained, is the implied orographic factor 
at the storm center satisfactory in relation to the K factor, derived independently from 
100-year precipitation-return intensity at the same location? If significant differences 
in orographic factor could not be resolved, a low valuation would be given in column D 
to the estimation ofF AFP for the module being used. Apart from these changes, use 
of the SSM in this report was the same as in HMR 55A (see Appendix 3). 

As mentioned above, a process related to, but not part of the SSM, was the 
reconciliation of differing estimates ofFAFP by different analysts. Another procedure 
adopted for this report and related to the SSM, but not part of it was adjustment of 
finalized F AFP values to a common reference level of the atmosphere for all storms. 
The reference level used was 1000mb. Based on the maximum persisting 12-hour 
1000-mb dew point at the location of the derived FAFP, the FAFP was changed in the 
same proportion as the change in water available for precipitation in a saturated, 
pseudo-adiabatic atmosphere. No change was made in FAFP; however, for storms 
occurring between sea level and 1000 feet above sea level. This procedure was adopted 
so that direct comparisons ofF AFP could be made easily among all30 storms analyzed, 
and so that the sea-level analysis ofthe 100-year non-orographic component could be 
used as guidance for analysis of the field ofFAFP. It was also the procedure used as 
part of storm transposition used in creating the index map of F AFP (refer to 
Chapter 7). 

Since we were dealing with FAFP at sea level, the precipitation depth at the 
elevation of the largest enclosed isohyet might be potentially as large as the depth at 
a somewhat smaller valued enclosed isohyet, provided that the second center was 
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located at a higher elevation. In such cases, both centers were evaluated for F AFP, and 
the results adjusted to sea level. 

From the 28 storms centered in the United States and the two storms located in 
Canada, F AFP values for 50 isohyetal maxima were set. At least one value was set for 
each storm. In five of the United States storms, one or more centers for which DAD 
relationships were developed were not analyzed, either because the central value was 
significantly smaller than that at the principal center or because the centers were very 
close to one another with no significant difference in value. Depth-area-duration 
analyses were not done for all of the isohyetal maxima examined by the storm 
separation method, but were done for all centers which provided controlling values in 
the analysis ofFAFP (Appendix 2). 
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